Background: Beta cell death by apoptosis is an important mechanism in beta cell dysfunction and development of diabetes. Inhibition of apoptosis may be helpful approach in the prevention of diabetes. In this context, non-invasive, specific markers are needed to detect apoptosis in prediabetic stage. In the present study serum levels of cytokeratin-18/M30 antigen, a surrogate marker of apoptosis were investigated in cases with type 2 diabetes and Impaired Glucose Tolerance (IGT).
Introduction
Insulin resistance is an early event in development of type 2 diabetes. In order to balance insulin resistance, pancreatic β-cells enhance production and secretion of insulin. Chronic hyperglycemia and prolonged temporary postprandial hyperglycemia causes further deterioration in β-cell function [1] . Apoptosis, programmed cell death, is a normal process that occurs during morphogenesis, but it also contributes to some pathological processes. Pancreatic beta cells can undergo apoptosis in vivo. Beta cell death by apoptosis was clearly demonstrated by Scaglia, et al. in 1995 for the first time [2] . Over time, investigations revealed the mechanisms involved in β-cell apoptosis and responsible stimuli in this event [3] [4] [5] .
Apoptotic cell death occurs via extrinsic and intrinsic pathways. Extrinsic pathway is initiated by binding of death ligands to cell surface receptors. The intrinsic pathway is activated by DNA damage, and results in cytochrome c release from mitochondria. Activation of both pathways results in a downstream activation of a group of proteases, called as procaspases, in the cytoplasm. Activated caspases lead to activation of endonucleases, which in turn causes DNA fragmentation
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Check for updates [6] . Cytokeratin 18 is a cytoskeleton protein of epithelial cells. M30 antigen is a fragment of cytokeratin 18 which forms during apoptotic cell death, and is released into circulation. Cytokeratin-18/M30 antigen level in serum is a surrogate marker for apoptosis [7, 8] , and is determined as a marker of Nonalcoholic Steatohepatitis (NASH) in many studies [9] [10] [11] .
Hyperglycaemia is suggested to induce apoptosis via p53 pathway [3] . p53 is a transcription factor which is activated in response to DNA damage. It stimulates expression of genes which are involved in cell cycle arrest at the G1/S transition to direct cell either DNA repair or apoptosis. In our previous study, we examined serum levels of p53 and cytochrome c, as markers of apoptosis in the patients with type 2 diabetes and cases with Impaired Glucose Tolerance (IGT) [12] . We determined lower serum P53 level in the patients with type 2 diabetes in comparison to control and IGT cases but there was no significant difference for serum cytochrome c level betwen the groups. We concluded that p53 and cytochrome c are not good markers to reflect the apoptosis of beta cells in peripheral circulation. The present study was designed as a continuation of our previous investigation. It was purposed to examine serum levels of cytokeratin-18/M30 antigen in the cases with type 2 diabetes and IGT.
Materials and Methods
A total of 44 patients with type 2 diabetes (21 men and 23 women) and 27 cases with IGT (11 men and 16 women) were enrolled from the Endocrinology, Metabolism and Diabetes Department of Cerrahpasa Medical Faculty Hospital. Type 2 diabetes was diagnosed based on common clinical and laboratory findings. The mean duration of disease was 8 ± 2 yr. Thirty two of the subjects were being treated with oral anti-diabetic agents. 21 subjects were taking metformin, and 11 subjects were taking metformin + gliclazide. Fourteen subjects with type 2 diabetes have at least one complication such as retinopathy, neuropathy, nephropathy or angiopathy. Other patients were free from diabetic complications. Oral Glucose Tolerance test was applied to subjects who have a fasting glucose concentration between 110-126 mg/dl. Briefly 75 g of glucose dissolved in 200 mL tap water was given orally in the morning (7 am). Blood samples were taken just before (0 min) and 30, 90, and 120 min after glucose application for analyses of serum glucose concentration. These time points were chosen to cover a 2-hour period. The IGT group was constituted by cases who have a glucose concentration between 140-200 mg/dl at the second hour of Oral Glucose Tolerance Test. Cases with IGT were not receiving any medication. They had normal liver, thyroid and renal function. Three of the cases were smoker (1 cigarette/day). The control group was constituted by age and sex-matched 27 healthy volunteers (12 men and 15 women) among staff of the Cerrahpasa Medical Faculty. None of the controls had a family history of diabetes, and they had normal glucose tolerance. Cases with cancer, autoimmune disease, acute and/or chronic inflammatory disease, thyroid disorder, and cases who were taking alcohol and smoking more than 1 cigaret/ day were excluded from the study.
Blood sampling and measurements of cytokeratin-18/M30 antigen 5 ml of venous blood samples were taken from all cases after an overnight fast. Blood sample was centrifugated at 3000 X g for 10 min, serum was removed and kept at the -80 °C until analysis. Serum level of cytokeratin-18/M30 antigen was determined by ELISA kit from Peviva AB (catolog no: 10010, Bromma, Sweden). Measurements were performed according to manufacturers instructions. Serum levels of glucose and c-peptide were measured in the routine analysis laboratory by spectrophotometric and chemiluminescent methods, respectively. Glycosylated Hemoglobin (HbA1c) levels in erythorcytes were determined by HPLC in the same laboratory.
Statistical analysis
Data are expressed as median and min-max. Statistical analysis was performed by SPSS software (version 15). Abnormally distributed data were analysed by nonparametric Kruskal Wallis test. Comparison of two groups was performed by Mann Whitney U test. A value of P < 0.05 was considered as significant. Correlation analysis was performed by Spearman correlation coefficient.
Results
Characteristics of the study groups and serum cytokeratin-18/M30 antigen levels are shown in the Table 1. Serum level of cytokeratin-18/M30 antigen was significantly higher in the IGT group than those in the control group (P < 0.05). Serum level of cytokeratin-18/ M30 antigen was also higher in the type 2 diabetes group in comparison to those in control group but this increase was not statistically significant (Table 1 ). In the type 2 diabetes group, patients who have a HbA1c level higher than 6.5 were considered poorly controlled diabetics. There was no significant difference between controlled and poorly controlled diabetic patients and between patients with and without diabetic complications for cytokeratin-18/M30 antigen level. Treatment with oral anti-diabetic agents was not found to be related with serum cytokeratin-18/M30 antigen level. A positive correlation between cytokeratin-18/M30 antigen and fasting glucose (r: 0.430; P < 0.005); a negative correlation between cytokeratin-18/M30 antigen and c-peptide/fasting glucose ratio (r: -0.506; P < 0.05) were determined in the type 2 diabetes group. No significant correlation was found between cytokeratin-18/M30 antigen and Body Mass Index (BMI). There was no sig-nificant relationship between cytokeratin-18/M30 antigen level and levels of insulin and glucose in the control group.
Discussion
Adequate amount of insulin secretion from pancreas depends on both functional integrity and mass of the β-cells. Apoptosis is an important mechanism in pancreatic beta-cell death and development of not only type 1 but also type 2 diabetes [1] . It has been suggested that hyperglycemia induces apoptosis without any compensatory increase in β-cell proliferation, and leads a decrease in β-cell mass [13] [14] [15] [16] . Loss of β-cell mass in diabetes is exacerbated by islet amyloid deposits and oxidative stress. β-cell apoptosis is determined in human pancreatic sections and postmortem islet grafts in correlation with amount of amyloid deposits [17, 18] . Oxidative stress is a contributory mechanism in beta cell apoptosis. It is well documented that production of Reactive Oxygen Species (ROS) is increased in beta cells, which in turn stimulates apoptosis [19] [20] [21] .
Taken together, all previous data demonstrate pivotal role of apoptosis in beta cell dysfunction and development of diabetes. Since apoptosis is a contributory mechanism in pathogenesis of diabetes mellitus, blocking of apoptosis may be a new therapeutic approach in the prevention of diabetes. Non-invasive, specific markers are needed to detect apoptosis. In the present study, serum cytokeratin-18/M30 antigen was examined as a new marker to assess apoptosis in cases with IGT and type 2 diabetes. As far as we know, there is no clinical research examining serum levels of cytokeratin-18/M30 antigen neither in prediabetic stage nor in diabetes. In general, serum cytokeratin-18/M30 antigen level has been measured as a marker of apoptosis in patients with cancer [22] [23] [24] [25] , chronic hepatitis B or C virus infection [26, 27] , non-alcoholic liver disease [7, [9] [10] [11] 28] idiopathic interstitial pneumonia [29] , and morbid obesity [30] . The present study is first to demonstrate increased cytokeratin-18/M30 antigen level in patients with type 2 diabetes and cases with IGT. Actually, serum cytokeratin-18/M30 antigen level was also higher in the type 2 diabetes group in comparison to control group but this difference did not reach at a significant level. As a limitation of the present study, the number of study cases was small. Cytokeratin-18/M30 antigen measurements in larger study groups may reveal a significant difference between patients with type 2 diabetes and healthy controls. In agreement with this suggestion, the positive correlation determined between cytokeratin-18/M30 antigen and fasting glucose in the type 2 diabetes group (r: 0.430; P < 0.005), and the negative correlation found between cytokeratin-18/M30 antigen and c-peptide/fasting glucose ratio (r: -0.506; P < 0.05) indicate the probable association of apoptosis and type 2 diabetes. In addition, increased cytokeratin-18/M30 antigen level determined in the IGT group may be an evidence for apoptosis in pre-diabetes stage.
On the other hand, diabetes and IGT are associated with increased amount of liver fat content and visceral fat mass [31] . Recently, majority of the data about cytokeratin-18/M30 antigen levels are derived from studies which determine whether CK18 serum level may serve as a marker for Nonalcoholic Fatty Liver Disease (NAFLD) or NASH [9] [10] [11] . Cytokeratin-18/M30 antigen serum level has been found to be a promising non-invasive biomarker for NASH in children with fatty liver disease [11] , as well in adults with NAFLD [9] , and cytokeratin-18/M30 antigen testing has been suggested as a useful tool in clinical practice. On the basis of these data, the higher cytokeratin-18/M30 antigen levels in the IGT group determined in the present study may represent a higher liver fat content, more realistically higher prevalence of inflamed fatty liver in these individuals. The liver is involved in the pathogenesis of type 2 diabetes. Especially, the liver is responsible for increased glucose production and dysregulated lipoprotein metabolism, conditions that are often found in patients with NAFLD. Additionally, several proteins that are exclusively or predominantly secreted from the liver are now known to directly affect glucose and lipid metabolism [32] . For instance, fetuin-A is a glycoprotein synthesized in liver. It is a negative regulator of insulin action with its inhibitory effect on insulin receptor tyrosine kinase. Fetuin-A-fatty acid complex induces inflammatory signaling and insulin resistance that are involved in pathogenesis of type 2 diabetes mellitus [33] . Given these data, we think that increased cytokeratin-18/M30 antigen level in the subjects with IGT may reflect the increased apoptosis of liver cells. Unfortunately, as a limitation of this study, serum ALT, AST and GGT levels that are the markers of liver function were not measured.
Conclusion
In the present study we determined increased serum cytokeratin-18/M30 antigen level in the cases with IGT. It is not clear whether increased cytokeratin-18/M30 antigen originated from pancreatic beta cells or not. This increase may also reflect higher prevalence of inflamed fatty liver that is linked the pathogenesis of type 2 diabetes. In order to clarify exact origin of circulating cytokeratin-18/M30 antigen in both prediabetic and diabetic states further investigations are needed.
